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INTRODUCTION'. 
Two of  us (C.  B. and  R. C.)  have shown that  the  systemictempera- 
ture  can  be  raised  by  diathermy, but  that  there  is  relatively  little  local 
heat developed in  the normal lung (I).  Thermocouples placed in  the 
lobes  of the lungs of anesthetized  dogs seldom registered  more than 
0.4°C.  higher than  simultaneously  recorded  rectal temperatures. 
This is true in spite of the fact, now established  (2),  that the high 
frequency current produced by a  diathermy machine actually pene- 
trates the body and passes through the lungs, generating heat in the 
tissues it traverses.  Why there is no marked local elevation of tem- 
perature in these tissues has been shown to be due to the fact that the 
heat generated is rapidly disseminated throughout the body by the 
circulating blood.  The blood leaving the lungs can be shown to have 
been heated by the current (3).  If, however, the pulmonary circula- 
tion to one lung is interrupted; a precipitous rise in temperature occurs 
in the ischemic lung (4).  The degree of local heating which occurs 
under these circumstances will depend upon the extent of interference 
with the pulmonary circulation.  This can be shown by interrupting 
the flow of blood through one branch of the pulmonary artery, leaving 
the veins patent and the bronchial circulation intact.  There results 
from this procedure an increase of temperature in the ligated lung 
amounting to about 1.5°C. in excess of the temperature in the normal 
lung.  The increase occurs immediately after the artery is clamped, 
while the subsequent rate of heating is similar to that in the control 
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lung.  When, on the other hand, the veins to one lung are ligated, the 
local heating is far greater than under the conditions just  described. 
Reference to the figures in Paper II of this series will bring out these 
facts. 
From the  foregoing,  the implication  seems obvious that  a  disease 
process  accompanied  by  impairment  of  local  circulation  may  be 
expected to provide conditions consistent with the production of local 
heat  by the passage  of high  frequency  currents  through  the  region 
involved.  That the pulmonary consolidation of pneumonia represents 
a disease process in which local circulatory impairment exists, there is 
evidence  to  believe.  We  cite  in  this  connection  the  pathological 
studies  of  Kline  and  Winternitz  (5),  the  injection  preparations  of 
Gross (6) and the inferences to be derived from analyses of the oxygen 
saturation  of the arterial  blood  (7).  The present  study was under- 
taken  for the  purpose  of discovering whether  the  consolidated  lobe 
could  in  fact  be  heated  above  the  temperature  of  the  uninvolved, 
relatively  normal  lung  tissue.  The  difficulties  attending  the  pro- 
duction  of experimental  lobar pneumonia  in  laboratory  animals  are 
well known.  Though the pathological lesions which presented them- 
selves in the experiments about to be reported were not perhaps identi- 
cal  with  those  commonly seen in  human  lobar pneumonia,  they,  at 
least, may be said to simulate this condition and to represent a more 
or less complete consolidation of a lobe, or the major part of it. 
We have found that  such  a  consolidated lobe can be heated by a 
diathermy current of the strength generally used in therapy to a point 
approximately 1  °C. to 2°C. above the temperature of the surrounding 
normal lobes. 
Methods. 
Dogs were used in all of these experiments.  During deep ether anesthesia they 
were inoculated by the method of intrabronchial  insuffiation described by Lanmr 
and Meltzer (8).  Actively growing broth cultures of two varieties of organisms 
were used: /~. friedl~nderi Type B  and  Pnemnococcus Type I.  An  effort to 
maintain  virulence was made in  the case of Friedl~der's bacillus by passage 
through guinea pigs, and in the case of pneumococcus by mouse  passage.  The 
cultures  were injected intrabronchially  in volumes varying  from  1 to 3 cc. per 
kilo body weight.  Even with careful control of conditions the results of these 
inoculations were uncertain and variable.  Some  animals died within 24 hours of 
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parently unharmed.  It was necessary to select animals for use on the basis of 
x-ray evidence of pneumonic consolidation. 
The method of lung temperature measurement and diathermy administration 
was the same as that previously described (1).  Observations were made on the 
dogs after they had been anesthetized by the intravenous injection of a 10 per cent 
solution of barbital-sodium, the dose not exceeding 0.3 gm. per kilo body weight. 
The low initial temperatures often observed may be ascribed in part to the result 
of infection, in part to heat loss resulting from anesthesia.  This was difficult to 
prevent, since we thought it best to use no hot pad or source of heat other than dia- 
thermy.  Considerable practice was  necessary before we  learned  to  lodge the 
thermocouple needle in  the substance of the consolidated lobe.  Owing to the 
differences in the shapes and sizes of the dogs it was difficult to find any external 
landmarks which would act as guides for  the insertion of the needle into any 
particular area.  In the majority of instances the lower lobe alone was  consoli- 
dated.  In order to get a thermocouple into it the needle was usually inserted close 
to the spinal columu, through the 9th or 10th intercostal space.  Even with this 
guide  the  element  of  luck  remained  a  large one.  Other  thermocouples were 
inserted in symmetrical positions into the opposite healthy lobes.  At the close 
of each experiment an autopsy was done in which the positions of all thermocouples 
were located.  The  gross appearance of the lungs was  described in  relation to 
the site of the thermocouples and the lungs were usually saved either for injection 
preparations or for microscopic  examination. 
EXPERIMENTAL. 
Experiment D 35.--May 19,  1927.  At 2:45 p.m. a  male mongrel fox terrier 
weighing 12.7  kilos was  given  ~  gr.  morphine  sulfate subcutaneously.  About 
15 minutes later it was etherized deeply.  A  short piece  of rubber tubing was 
passed through the larynx into the trachea, and through this was inserted a soft 
rubber tube 30 cm. long, with an outside diameter of 3 ram.  When the bronchial 
catheter was in place its proximal end was connected with the nozzle of a record 
syringe previously filled with 26 cc. of a 4 hour broth culture of B. friedl~nderi. 
The whole mass of culture was then injected and forced into the lung with a small 
quantity of. air.  There was no cough following injection.  The animal made a 
quick recovery from the anesthetic. 
May 20, 12, noon.  The dog looked moderately sick.  The respirations were 
rapid, but not labored.  Rectal temperature was 39.5°C. 
May 21,  9  a.m.  The  dog was now  definitely sick.  An x-ray  photograph 
showed a slight shadow at the base of the left lung (Fig. 1). 
May 21, 10 a.m.  The animal was anesthetized by the intravenous injection of 
27 cc. of a 10 per cent solution of barbital-sodium. 
10:30 a.m.  The sides of the dog's thorax were shaved and lead-tin electrodes 
3  ×  4 inches square were applied to the shaved skin.  To assure perfect contact 
several layers of gauze moistened with a solution made from mixing equal parts of 744  DIATIIERM¥.  V 
glycerol and saturated saline were interposed between skin and electrodes.  A 
rectal thermometer was put in place and the thermocouples were thrust through 
the chest wall into the lungs. 
11 : 10 a.m.  The larynx was intubated to facilitate  breathing. 
11 : 14 a.m. to 1:50 p.m.  Thermocouple readings were made at 10 to 15 minute 
intervals (Table I).  The diathermy current was turned on at 11:29 a.m. and ran 
continuously until 1 : 50 p.m. 
1:55  p.m.  The  dog was killed by the  intravenous injection of  20  cc.  of a 
saturated solution of MgSO4, the trachea being clamped in inspiration. 
The thorax was opened and the position of the thermocouples and condition of 
the lungs established. 
Thermocouple 1 was buried in the substance of the lower portion of the left 
upper lobe, near the lung root.  It was lying in a discolored, congested area of the 
lobe which was, however, air-containing. 
Thermocouple 3 had transfixed the upper pole of the left lower lobe and lay in 
that portion of the ventral lobe which adjoins the hilum.  This part of the lobe was 
dark and definitely abnormal in appearance, as was the left lower lobe immediately 
adjoining it, which was purplish, boggy and  non-air-containing.  No thermo- 
couple was found in this left lower lobe. 
Thermocouple 2 was found in the substance of the right upper lobe in what was 
apparently normal lung tissue. 
Thermocouple 4 lay in the pleural cavity projecting into the interlobar space 
and surrounded by healthy tissue. 
To summarize the situation found at autopsy: Two of the thermo- 
couples, Nos.  1 and 3,  were found within the substance of the left 
lung, which Was the seat of a  pneumonic process.  Although lying 
in pathological tissue, neither had penetrated the lower lobe, where 
the  consolidation was  most  pronounced.  The  other  two  thermo- 
couples, Nos.  2  and 4,  lay in,  or  in  close proximity to, the normal 
tissue of the right lung. 
As to the temperature changes recorded by these thermocouples: 
Both thermocouples, Nos. 1 and 3, showed throughout the duration of 
current flow a greater rate of heating than Nos. 2 and 4, which were 
lodged in the opposite normal lung.  The rate was greater in No. 3 
than in No. 1, corresponding in this to the degree of structural damage 
found at the respective sites of these thermocouples.  Comparing the 
temperatures  developed in  the  left  lung  and  right  lung  (Table  I, 
Text-fig. 1)  one sees,  for example, in Thermocouple 2  (right healthy 
lung) a rise of 4.52°C. in 2 hours and 21 minutes of diathermy.  The 
rectal temperature during this period had risen 4.42°C., while Thermo- R. V.  CHRISTIE,  W.  EHRICH,  AND  C. A.  L. BINGER  745 
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couple 3,  in diseased lung,  showed an increase of 5.84°C.,  or 1.32°C. 
above the  temperature  developed in  the  control lung.  Such an in- 
crease corresponds in order of magnitude to the change shown to occur 
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TExT-FIa. I.  Experiment D 35.  Curve showing relative rates of heating in 
consolidated and normal lung tissue as compared with the rectal temperature. 
After 107 minutes of current flow the dog suddenly began to pant.  This resulted 
in cooling of the normal lung, which thereupon fell below the rectal  temperature. 
No such change occurred in the pathological lobe. 
during diathermy in a  lung after damping its pulmonary artery  (4). 
The experiment just described  (D 36) was repeated in six other dogs. 
Because of the  inconstant  pathological  changes produced  by Fried- R.  V.  CHRISTIE,  W.  EHRICH,  AND  C.  A.  L.  BINGER  747 
litnder bacillus insufftations, and because of the inherent uncertainty of 
directing the thermocouple needles into both consolidated and healthy 
lung tissue, it was impossible to demonstrate heating of the pathologi- 
cal lobe  in  all  experiments.  We have deliberately chosen for publi- 
TABLE  II, 
Temperature Changes Recorded in Experiment D 3o°. 
~1:39  0 
[1:52  0 
i2:00  0 
On 
L2:05  1200 
L2:06  1200 
~2:21  1200 
,2:36  1200 
.2:51  1200 
1:06  1200 
1:21  1200 
1:36  1200 
1:51  1200 
Off 
1:55 
1:55~  0 
1:55½  0 
1:55¼  0 
1:56½  0 
"c.  37.29  37.30*  37.20  37.18 
]6.98  36.94! 36.86  36.82 
]6.89  36.82  36.73  36.62 
36, 75! 
]6.90  37.42] 36.75  36.68' 
]7.31  38.20] 37.31  37.25 
37.79  38.77  37.85  37.79 
38.37  39.67  38.49  38,44 
38.96  40.43  39.18  39,07i 
i39.07  41.01  39.77  39.67 
40.12  41.70  40.37  40.27 
40.69  42.25  40.90  40.86 
42.51 
41.89 
41.77 
41.70 
41.02 
.~  ..~ ~  ~  ~ 
37.18  37.29  34.52  34.76  48 
36.84  36.92  34.60  34.76  184  52 
36.68  36.77  34.8(  34.80  64 
36.82  36.90  37.13  38.11  208  64 
37.44  37.46  40.78  41.02  200  62 
37.96  38.07  42.90  42.68  200  56 
38.60  38.70  43.59  43.14  200  50 
39.28  39.35  43.71  43.38  196  46 
39,90  39.9~  43,75  43, 83  196  44 
40.50  40,61! 44.06  44.29  196  46 
41.10  41.26  44.73  44.81 
* The rectal thermometer and Thermocouple 1 were read at the times indicated. 
Other readings were made at ½  minute intervals. 
cation in detail those experiments in which a  certain degree of local 
heating was produced.  It should be emphasized that failure to find 
local heating could always be accounted for on the basis of no consoli- 
dation  or  malposition  of  thermocouples,  except  in  one  instance, 
Experiment D 49, to be referred to below. 748  Dmcm~mz.  v 
Experiment D 38.--0n May 25, 1927, at 2:45 p.m., a male  mongrel weighing 
12.6 kilos, after a preliminary  subcutaneous  injection  of  1 gr. morphine  sulfate, 
was given, under deep ether anesthesia,  an  intrabronchial insufflation of 25 co. 
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TBx~r-Fm. 2.  Experiment D  38.  Curve  showing  relative  rates  of heating 
in consolidated and normal lung tissue as compared with the rectal temperature. 
of a  4¼ hour culture of/3. frledl~nderL  The next afternoon at 4:20 the dog 
looked moderately sick and showed a rectal temperature  of 40.1°C.  An x-ray 
photograph showed a slight  shadow  at the base of the right lung (Fig. 2).  On R.  V.  CHRISTIE,  W.  EHRICH~ AND  C.  A.  L.  BINGER  749 
May 27,  at 9:30 a.m., the dog was coughing  occasionally, but looked less sick 
than on the previous day.  The animal received an intravenous injection of 37 cc. 
of a 10 per cent solution of barbital-sodium.  When a satisfactory state of anes- 
thesia had been achieved, electrodes were applied and thermocouples inserted in 
the usual manner.  A current of 1200 milliamperes was passed through the thorax 
for 1 hour and 50 minutes.  Immediately after the current was turned on it was 
found  that Thermocouple 1 which  had been directed into the right lower lobe 
through the anterior chest wall was recording a more rapid rise in temperature than 
any of the others within the thorax or than the rectal thermometer.  This ther- 
mocouple, No. 1, was found at autopsy to be buried in the right lower lobe which 
had the appearance of liver, except for an air-containing portion on its anterior 
aspect.  Both of the other  thermocouples in the right lung were found in the 
upper portion of the lower lobe where  the consolidation was less marked.  The 
lesion  on the right side increased in severity from above downward, which may 
perhaps account for the fact that  the final temperatures observed in the right 
lower lobe showed a gradation from above downward: 40.86°C., 41.26°C., 42.25°C. 
The  final temperature recorded by this thermocouple represented a rise of 5.45°C. 
in 1 hour and 50 minutes (Table II, Text-fig. 2), as compared with a rise of 4.17°C. 
mad 4.42°C.  respectively in  thermocouples, Nos. 2 and 4, located in the normal 
left lower lobe.  The  increase in rectal  temperature  during  the  same interval 
amounted to 3.80°C.  The final temperature of the skin under the electrodes was 
JA.73°C. on the right side, 44.81°C. on the left.  The surface temperature cannot, 
therefore, be held responsible for the observed difference in internal temperature. 
The findings in Experiment D  38 are quite comparable to those in 
D  36.  In  interpreting  them  the  many  controls  supplied  by  our 
previous studies should be borne in mind, where it was dearly shown 
that  the  normal lung  with  intact  circulation  could  be  heated  to  an 
average maximum of 0.35°C.  above the rectal temperature.  In only 
one experiment of 13  did the temperature in the lung mount as high 
as 0.6°C. above the rectal during the course of diathermy.  Since this 
animal  died  unaccountably  while  the  experiment  was  in  progress it 
is probable that the slight increase in heating can be explained on the 
basis of a failing pulmonary circulation. 
Experiment  D 48.--The procedure outlined in the previous experiments was 
again carried out in a female mongrel weighing  8.8  kilos.  While  etherized  it 
received, on Nov. 6,  1927, 10 cc. of a/3. friedl~nderi  culture intrabronchially. 
The next afternoon lung temperature measurements were recorded during dia- 
thermy.  Autopsy showed the left lower lobe to be hepatized, while the upper mad 
ventral lobes were air-containing and normal in appearance.  The right lung was 
normal  except  for  congestion  and  nodular  consolidations  along  the  posterior 750  DIATm~I~Y.  V 
margin of the lower lobe, most marked near the hilum.  The caudal lobe, as well, 
was congested.  The most marked temperature increase was recorded by one of 
the two thermocouples in the left lower hepatized lobe which showed a final rise 
of 1.62°C.  above the rectal temperature.  A  second  thermocouple  in  this  lobe 
showed an increase of  only  0.6°C.  above the rectal,  similar to the change ob- 
served in the thermocouple in the opposite lobe. 
In  this  experiment  a  careful  histological  examination  of the  lungs 
was made  particularly  with  an eye to finding evidence of circulatory 
obstruction.  Such  evidence  was  indeed  found.  The  microscopic 
examination  was made independently  by one of us  (W.  E.)  who was 
not informed of the other experimental findings. 
Result of Microscopic Examination of Lungs in Experiment D 48.--(Figs. 4 and 
5.)  The lungs were distended with Zenker's fluid and immersed in it.  Sections 
were taken from all lobes and imbedded in paraffin.  These were cut to a thickness 
of 5 to 6 micra  and  stained with  eosin-methylene  blue,  iron-hematoxylin-eosin 
mad Gram's stain.  The findings are given below: 
Right upper lobe: The section appears normal. 
Right ventral lobe: The section appears normal. 
Right  lower lobe: One  section  appears  normal.  A  second,  however,  at  its 
center  shows  certain  pathological  changes.  The  bronchioles  and  alveoli  are 
uniformly filled with an exudate consisting of alveolar epithelial cells  and poly- 
morphonuclear leucocytes.  The epithelial cells are often filled with vacuoles and 
with  Gram-negative bacilli,  often also with polymorphonuclear leucocytes and 
erythrocytes.  There is everywhere a proliferation of young epithelial cells from 
the alveolar wails and polymorphonuclear  leucocytes are to be seen within  the 
walls of the bronchioles and bronchi.  The walls of the blood vessels are edematous 
in places.  In the smaller vessels the adventitia frequently shows a proliferation of 
round cells.  The capillaries are dilated with  blood and the lymph vessels of the 
pleura are dilated with lymph.  The exudate diminishes toward tho peripheral 
portions of the section where the alveoli appear normal. 
Left upper lobe: In the center of the section there is an area similar  to the one 
just described, but smaller. 
Left lower lobe: In three sections one sees the alveoli and bronchioles uniformly 
filled  with exudate.  There are no air-containing ones to be seen.  The exudate 
has the same composition as described in the right lower lobe but is apparently 
greater in quantity.  In some places where the exudate is plentiful there are com- 
paratively few old, mostly phagocytosed erythrocytes.  Here the capillaries  are 
compressed and contain no red blood corpuscles (Fig. 5).  Where there is less exu- 
date, well preserved erythmcytes and some fibrin are often to be seen lying in the 
alveolar spaces.  Here the capillaries  are dilated with blood.  The walls of the 
large vessels are edematous and infiltrated with many erythrocytes.  The epithe- R.  V.  CHRISTIE,  W.  EHRICH,  AND  C.  A.  L.  BINGER  751 
lial lining of the bronchioli is mostly desquamated, that of the larger bronchi is 
well preserved.  Many of the bronchial walls exhibit hemorrhages.  The lymph 
vessels are dilated, containing erythrocytes, polymorphonuclear  leucocytes and 
fibrin. 
The significant finding is the compressed empty capillaries.  Appar- 
ently this is due to the pressure of the exudate and depends for its 
occurrence upon the amount of exudate.  This ischemic condition was 
found only in certain parts of the left lower lobe.  One of the two 
thermocouples in this lobe showed a rise of temperature greater than 
that occurring in any of the other lobes.  The second thermocouple, 
however,  recorded an  increase in  temperature equal  to  that  in the 
right lower lobe.  The experimental findings are then quite consistent 
with the changes observed by microscopic study. 
In Experiment D  49 the dog received 1 cc. per kilo of an actively 
growing culture of/~. friedlxnderi.  Observations were made the fol- 
lowing day.  The dorsal half of the right lower lobe was consolidated. 
There  was no local heating recorded by either of the two thermo- 
couples imbedded in the pathological lobe.  The final temperatures 
recorded  in  the  consolidated portion of the  right lower lobe  were 
37.75°C.  and 37.87°C.  after 42 minutes of diathermy at  1200 milli- 
amperes, as compared with a temperature of 37.97°C. in the relatively 
normal left lower lobe.  The rectal temperature recorded simultane- 
ously by a  mercury thermometer was 37.68°C.  In this animal the 
microscopic picture of the right lower lobe (Fig. 6) showed the alveoli 
to  be  very  irregularly  filled  with  exudate.  Air-containing alveoli 
were  seen lying between those showing the inflammatory reaction. 
The capillaries, far from being compressed and empty, were dilated 
with blood.  A similar dilatation of vessels, but no exudate, was found 
in the left lower lobe.  It seems not improbable that the lack of local 
heating was associated with the absence of vascular obliteration. 
A  number of experiments was  made, using cultures  of Pneumo- 
coccus Type I in place of tLfriedlxnderi for intrabronchial insuffiation. 
It was hoped that the fibrin reaction, usually stimulated by Type I 
pneumococcus, would cause a greater interference with the pulmonary 
circulation and therefore permit of more definite local heating.  This 
was not the case.  The response of dogs to intrabronchial insufflations 
of Type I pneumococc/is an extremely variable one.  They will often 752  D~mHE~Y.  v 
tolerate large  amounts of  actively  growing mouse-virulent cultures 
when injected by this route.  We have selected for publication one 
experiment (D 54) in which a pneumonic consolidation was produced 
involving the caudal lobe and three-quarters of the right lower lobe, 
where a thermocouple had been placed. 
The cut section of the right lower lobe was solid and apparently non-air-contain- 
ing.  Histological examination of the right lower lobe showed the alveoli and bron- 
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TEXt-FIG. 3.  Experiment D  54.  Curve showing relative  rates  of heating in 
consolidated  and  normal lung tissue  as  compared with  the  rectal  temperature. 
chioles mostly filled with exudate.  In some places air-containing alveoli occurred 
amongst the others.  The exudate consisted chiefly of  polymorphonuclear leu- 
cocytes mixed with varying numbers of vacuolated alveolar epithelial cells often 
containing erythrocytes  and  degenerated  cocci.  Most  of  the  capillaries were 
dilated with blood.  Red cells were  seen in  the alveolar exudate and in some 
places hemorrhages were present in the walls of the bigger vessels.  No evidence 
of capillary fibrin thrombi was to be found.  The left lung was apparently quite 
normal though sections from the lower lobe showed that the vessels were dilated R.  V.  CHRISTIE,  W.  EtIRICH,  AND  C.  A.  L.  BINGER  ~53 
with  blood.  Difference  in  temperature  between the  pathological and normal 
lobes was slight, but became more apparent on increasing the milliamperage to 
1800 (Text-fig. 3).  The final temperature  in the  consolidated lobe was 1°C. 
above the rectal temperature while the normal lung was 0.15°C. above the rectal 
temperature.  The slight degree of elevation of temperature in the involved lobe 
produced by the current of 1200 milliamperes  may be explained on the basis of no 
clear evidence of a grossly impaired circulation, since neither capillary thrombi 
were present nor sufficient exudate to compress the capillaries.  For the higher 
current strengths it is probable that the existing circulatory disorder was sufficient 
to permit of a moderate degree  of  local  heating. 
The existence of obstruction to the circulation was further indicated 
by injection preparations made with the technique described by Gross 
(6).  Satisfactory preparations could not be obtained at each attempt. 
The  final  picture  depended  upon  the  conditions prevailing  during 
injection.  The presence of puncture holes caused by the thermocouple 
needles made it impossible to use the lungs, in most of these experi- 
ments, for purposes of injection. 
We present in Fig. 3 the photograph of a cleared dog's lung injected 
immediately  after  death  with  a  barium-gelatin  mixture.  2  days 
before, the animal (D 35)  had been injected intrabronchially with 25 
cc. of a  broth  culture of B. friedl~enderi.  It was killed by injecting 
20 cc. of a  saturated solution of MgSO, intravenously.  The area of 
involvement described in  the autopsy notes corresponds exactly to 
that portion of the lung which has injected poorly.  We publish this 
photograph as further evidence for the impairment of the circulation 
in the pneumonic lung. 
DISCUSSION. 
We have deliberately chosen for publication only those experiments 
in which the proper combination of circumstances made it  possible 
to  demonstrate local heating of the lung by diathermy.  These cir- 
cumstances consist first of the  development of a  pulmonary lesion 
sufficient to cast a shadow when photographed by x-ray, and secondly 
of the accurate locating of thermocouples in  both  consolidated and 
normal lung  tissue.  When  these  conditions have  been fulfilled we 
have been able to demonstrate local heating in three of four animals 
inoculated intrabronchially with cultures of ]3. friedl~enderi and in one 
animal inoculated in a similar fashion with a culture of Pneumococcus 754  DIA~m~.MY.  V 
Type I.  The variation of heat production in these selected experi- 
ments can be accounted for by the positions of the thermocouples and 
by  the  degree  of  impairment  of  the  pulmonary  circulation.  The 
pathological process in these dogs' lungs  presents three  stages:  (1) 
a stage of active congestion (Fig. 6) in which relatively little exudate is 
to be seen and the alveolar capillaries are dilated with blood; (2)  a 
transitional stage (Fig. 4) in which the amount of exudate is increased 
and the erythrocytes lying in the capillaries have lost their regular 
shapes  and  usual  staining properties,  and  finally  (3)  an  ischemic 
stage (Fig. 5) in which all the alveoli are uniformly filled with exudate 
and the capillaries are compressed and free from erythrocytes.  This 
final bloodless stage in which the local circulation is definitely impaired 
is the one in which we believe a certain degree of local heating with 
diathermy may occur. 
We have purposely drawn no inferences as to heat production dur- 
ing diathermy in the lung of a patient suffering from pneumonia. 
S~-M~AR¥ AND CONCLUSIONS. 
1.  An experimental pneumonia with more or less lobar distribution 
has been produced in dogs by the method of intrabronchial insufflation 
of B./riedlsenderi, Type B, and Pneumococcus, Type I. 
2.  Such  dogs  as  showed evidences of  a  pulmonary lesion  when 
photographed by x-ray were selected for lung temperature measure- 
ments. 
3.  Measurements  of  lung  temperature  were  made  by  means  of 
thermocouples  before and during diathermy. 
4.  The thermocouples which recorded the temperature in the con- 
solidated lobes showed in most instances a more rapid rate of heating 
during diathermy than those in the normal lobes.  The final increase 
in  temperature  in  the  pathological  lobes  over  the  normal  lobes 
amounted to slightly more than 1  °C. 
5.  When local heating occurred during diathermy it  was of  the 
order of magnitude found in a lung in which the branch of the pulmo- 
nary artery supplying  it had been damped. 
6.  Histological examination of the lungs showed the pathological 
reaction to consist of intraalveolar exudate composed of polymorpho- 
nuclear leucocytes and  desquamated alveolar epithelium.  In  some R.  V.  CHRISTIE, W.  ElIRICH,  AND  C.  A.  L.  BINGER  755 
sections the exudate was sufficient to cause compression and emptying 
of the alveolar capillaries. 
7.  The local heating,  we believe, depends upon this ischemic state 
of the smaller vessels. 
8.  Further evidence for an imparied  circulation in the pneumonic 
lung is  furnished  by injection preparations  in  which  the  uninjected 
area corresponded exactly to the gross pathological lesion. 
BIBLIOGRAPHY. 
1.  Binger, C. A. L., and Christie, R. V., J. Exp. Med., 1927, xlvi, 571. 
2.  Christie, R. V., and Binger, C. A. L., J. Exp. Med., 1927, xlvi, 715. 
3.  Binger, C. A. L., and Christie, R. V., J. Exp. Meal., 1927, xlvi, 595. 
4.  Binger, C. A. L., and Christie, R. V., J. Exp. Med., 1927, xlvi, 585. 
5.  Kline, B. S., and Winternitz, M. C., J. Exp. Med., 1915, xxi, 311. 
6.  Gross, L., Canad. Med. Assn. J., 1919, ix, 632; J. Med. Research, 1917, xxxi, N.S., 
327. 
7. Lundsgaard,  C.,  and  Van  Slyke,  D.  D.,  Cyanosis,  Medicine  monographs, 
Baltimore, 1923; Medicine, 1923, ii, 1. 
8. Lamar, R. V., and Meltzer, S. J., J. Exp. Med., 1912, xv, 133. 
EXPLANATION OF PLATES. 
PLATE 34. 
FIG. 1.  X-ray photograph of thorax of Dog D  36 taken 42 hours after intra- 
bronchial insufftation with culture of/3. friedl~nderi.  The picture shows a slight 
shadow at the base of the left lung. 
FIG. 2.  X-ray photograph of thorax of Dog D 38, taken 26 hours after intra- 
bronchial insufftation with culture of/3. friedl~ndcri.  The picture shows a slight 
shadow at the base of the right lung. 
FIG. 3. Experiment D  35.  Photograph  of  cleared  barium-gelatin  injection 
preparation of dog's lung in which consolidation had been produced by the intra- 
bronchial insufflation of a culture of B. friedl~nderi.  The uninjected area corre- 
sponded to the part of the lung which showed gross pathological changes at autopsy. 
PLA~E 35. 
FIG. 4.  Experiment  D  48.  Left  lower  lobe.  Magnification  ×  400.  The 
photograph shows the transitional stage in which the erythrocytes  in the capillaries 
have become irregular in  shape and have lost their usual staining properties. 
Methylene blue and eosin. 
FIG. 5.  Experiment D  48.  Left lower  lobe.  Magnification  ×  400.  This 
represents the final ischemlc  stage.  All  the  pulmonary alveoli are uniformly 
filled with exudate, the capillaries  being compressed  and bloodless.  Methylene 
blue and eosin. 
Fxc.  6.  Experiment D  49.  Right  lower  lobe.  Magnification  X  400.  The 
photograph represents the stage of active congestion in which the alveolar capil- 
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